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Abstract The regulation and management of alien spe-
cies can be contentious, particularly when the stakeholders
who benefit from alien species are different from those who
suffer the costs. We propose a consultative process
involving relevant stakeholders in invasive species man-
agement decisions. The process involves (1) the identifi-
cation of relevant stakeholders, (2) assessing their
perceptions, (3) enhancing interaction between stakehold-
ers, (4) assessing changes in stakeholders’ perceptions
following interactions with other stakeholders, and (5)
developing management recommendations in collaboration
with stakeholders. We demonstrate the application of the
process using the family Cactaceae (‘cacti’) in South
Africa. Many species of cacti have been introduced to the
country over the past two centuries, mostly for horticulture,
food and fodder, and hundreds of other species have been
introduced in the past few decades (or are likely to be
introduced soon) for horticulture. Using the proposed
process enabled the negotiation and participation of all
stakeholders in decision making and helped minimize
contentious situations by clarifying stakeholder’s beliefs
and exploring consensus solutions. Consequently,
management objectives were broadly supported by all
stakeholders. These results will be included in a national
cactus management strategy for South Africa.
Keywords Awareness  Biological invasions  Conflicts
of interests  Invasive species  Invasive species
management  Perception  Questionnaires
Introduction
The increasing rate of human-mediated introductions of
species has led to a growing number of biological invasions
(Richardson 2011). These invasions have many and varied
negative impacts (Richardson et al. 2011), and invasive
species are considered one of the largest threats to biodi-
versity globally and to the services that ecosystems provide
to humanity (Vilà et al. 2011). However, alien species are
also valuable, indeed indispensable, to human societies
(Kendle and Rose 2000; Hettinger 2001; Baskin 2002). In
many regions, agriculture, aquaculture, forestry, and hor-
ticulture are based largely on alien species (Reichard
2011). Alien species can therefore raise substantial con-
flicts of interest (de Wit et al. 2001; Dickie et al. 2014; van
Wilgen and Richardson 2012).
Many examples of such conflicts of interests can be
found. For example, alien salmonids are a major threat to
endemic fish in southern hemisphere river systems, but the
stocking of rivers with salmonids is strongly supported by
the sport fishing industry (Garcia de Leaniz et al. 2010).
Another example is Acacia mearnsii (native to Australia)
in South Africa, where it provides important resources
(e.g., timber, pulp, wood chips, and firewood) but also
impacts negatively on biodiversity and ecological functions
of riparian ecosystems (de Wit et al. 2001). The regulation
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and management of such conflict species can lead to
problematic situations and even direct public opposition
(Estévez et al. 2014). As a consequence, in recent years
there has been increasing interest in assessing the percep-
tions of different stakeholders involved with alien species
(e.g., Andreu et al. 2009; Bardsley and Edwards-Jones
2006; Brody 2003; Dehnen-Schmutz et al. 2010). How-
ever, sustainable management strategies for invasive spe-
cies also depend on cohesion and collaboration between
scientific researchers, the commercial sector (e.g., nurs-
eries, pet shops, landscapers, farmers), invasive species
managers, and policy makers (Bardsley and Edwards-Jones
2007; Garcı́a-Llorente et al. 2008), and this issue remains
to be addressed.
In this study, using the family Cactaceae in South Africa
as a case study, we explore the influence of cohesion and
collaboration between stakeholders on the development of
management decisions for conflict species. The long and
interesting history of cacti in South Africa—including
introduction, use, invasion, and impacts (Walters et al.
2011; Novoa et al. 2015a)—makes this particular conflict
of interest an ideal model system (sensu Kueffer et al.
2013).
Cacti are among the first plants that were introduced to
Europe from the Americas in the fifteenth century (Howard
and Touw 1981). One of the earliest motivations for
introducing cacti was for agriculture, e.g., as a fruit crop or
defensive hedge, and for cochineal production (Le Houérou
1996). There has recently been a revived interest in using
cacti in agroecosystems, in particular with the Food and
Agriculture Organization of the United Nations (FAO)
funding projects to investigate cacti as an option to mini-
mize the impacts of global climate change and land
degradation on food security in developing countries (Ne-
fzaoui 2007). Cactus products are also gaining popularity
from their potential health benefits (e.g., antioxidant, anti-
inflammatory), and high nutritional value (Patel 2012).
However, in terms of species numbers, most species have
been introduced for horticultural purposes (Novoa et al.
2015b). The ornamental trade has developed into a sub-
stantial industry (Anderson 2001) which is responsible for
the intercontinental spread of hundreds of species every
year (Walters et al. 2011).
Fifty-seven cactus species are formally listed as invasive
around the world (Novoa et al. 2015a, b), and cacti have
caused some of the most damaging invasions worldwide
(Novoa et al. 2015a, b; Weber 2003). The negative impacts
of invasive cacti on biodiversity, ecosystem functioning,
resource availability, national economies, and human
health have been recognized for well over a century
(Walters et al. 2011).
A lack of collaboration between stakeholders can seri-
ously hamper invasive species management (Bardsley and
Edwards-Jones 2006; Andreu et al. 2009; Dehnen-Schmutz
et al. 2010; van Wilgen and Richardson 2012), and general
guidelines to inform improved management of ‘‘conflict
species (i.e. those that generate a conflict of interest)’’ are
urgently needed. We propose a simple process to engage
stakeholders in developing management recommendations
and demonstrate the process using Cactaceae.
Methods
Identifying Relevant Stakeholders
To identify stakeholders, we first reviewed the scientific
and gray literature on cacti in South Africa from 1990 to
2014. We searched the ISI Web of Knowledge database,
Google Scholar, and Google using ‘‘cacti,’’ ‘‘cactus,’’ and
‘‘Cactaceae,’’ and ‘‘South Africa’’ as search terms. We then
identified stakeholders and contacted them by e-mail or
telephone. Building on this, we used the snowball-sampling
technique (Biernacki and Waldorf 1981), whereby each
respondent put us in touch with other stakeholders involved
with cacti in the country. This process continued until no
new names were generated.
All identified stakeholders were divided into two groups
according to their connection with cactus species: (1)
stakeholders who potentially benefit from cacti or seek to
promote the usefulness of cacti in South Africa, and (2)
stakeholders who suffer the costs of cacti or seek to reduce
the negative impacts of cacti in South Africa. All stake-
holders were invited to participate in the process, and those
that were able to attend a workshop on the topic constitute
the sample considered here further.
Initial Survey of Stakeholder Perceptions
Questionnaire surveys have been used to study the per-
ceptions of stakeholders involved with alien species
(Bardsley and Edwards-Jones 2006; Garcı́a-Llorente et al.
2008; Shackleton et al. 2014). We undertook this approach
to assess the perceptions of the stakeholders affected by
cacti in South Africa. We used a hard-copy questionnaire
(Supplementary file 1) comprising two sections: (1) a
general section to assess perceptions on the origin and
impact of cactus species in South Africa and (2) a specific
section designed to assess stakeholders’ perceptions (and
so that any change in perception after interacting with other
stakeholders groups could be measured).
In the first section, respondents were asked to list and
rank up to ten cactus species with positive impacts and ten
cactus species with negative impacts in South Africa.
Participants were also presented with a list of 11 succulent
plant species—3 native species (Lithops sp., Carpobrotus
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edulis, and Euphorbia ingens), 3 alien species not recorded
as invasive (Astrophytum asterias, Espostoa lanata, and
Mammillaria heyderi), and 5 alien species recorded as
invasive in South Africa (Cereus sp., Opuntia sp., Hylo-
cereus undatus, Pereskia aculeata, and Harrisia balansae).
They were asked to classify these species as native or non-
native. Finally, participants were given a list of ten nega-
tive impacts of cacti and asked to assign a weighting to
each impact (up to a total of 100 points) according to their
perceived importance/relevance in South Africa.
In the second section, respondents were asked to provide
three words that immediately came to mind when they
thought about cacti, and were then asked to give a score to
each word on a scale from -3 (very negative) to 3 (very
positive).
Stakeholders were given the questionnaire to complete
before the start of the workshop.
Enhancing Interaction Between Stakeholders
As part of efforts to address the lack of cohesion between
stakeholders, a workshop was organized on October
27–28, 2014. After completing the questionnaire, a brief
introductory talk about alien plants and conflicts of
interests was given. Basic concepts such as native, alien,
and invasive plants, and the positive and negative impacts
caused by alien plants were discussed. Representatives of
each stakeholder group then gave short presentations on
their perceptions of cacti in South Africa. Discussions
between stakeholders were encouraged after each
presentation.
Testing the Change in Stakeholders’ Perceptions
After the presentation section, a second survey was con-
ducted (Supplementary file 2) with the aim of assessing the
changes in stakeholders’ perceptions after interacting with
other stakeholders. We used a second hard-copy ques-
tionnaire including the second section of the previous
questionnaire and an additional open question: respondents
were asked to answer whether their perceptions changed
after interacting with other stakeholders.
Developing Management Recommendations
On the second day of the workshop, participants were
asked to anonymously write down all the barriers they
experience when working with cactus species in their area
of expertise. These were then consolidated into a full list of
barriers. Participants were separated into mixed break-out
groups of 4–6 people based on their background. Each
group discussed possible solutions for each identified bar-
rier. The workshop ended with a feedback session to
summarize the discussions of each break-out group. All
discussions were videotaped and summarized points were
recorded and kept for analysis.
Statistical Analysis
Data were analyzed with the statistical program IBM-SPSS
Statistics 22 (SPSS, Inc., Chicago, IL). To evaluate the
differences on the perceived impacts of cacti in South
Africa between stakeholders’ groups, we applied a Krus-
kal–Wallis test to determine whether there are overall
statistically significant differences, and a Mann–Whitney
test to check the differences between pairs of samples.
Finally, to investigate the changes on perceptions of each
stakeholder group after the interaction with other stake-
holders, we applied a Wilcoxon test.
Ethics
Before commencing the project, this study was submitted
to the Departmental Ethics Screening Committee of the
Department of Botany and Zoology for review, and ratified
by the Research Ethics Committee of Stellenbosch
University. All participants were informed about their right
to refuse to answer any of the questions and to withdraw
from participation at any time. All the personal data col-
lected with the questionnaires were secured from improper
access, and we maintained the confidentiality of data.
Moreover, any unsolicited data revealed during the process
of this research will be kept confidential and only revealed
if it is required by law.
Results
Identifying Relevant Stakeholders
In the first group, we identified farmers, fruit pickers,
nursery owners, and food scientists as stakeholders who
may want to promote the usefulness of cacti in South
Africa (Table 1).
The first alien cactus species arrived in South Africa
early in the 18th century (Annecke and Moran 1978). Over
the following two centuries, many species were introduced
for ornamental purposes and to produce fruit for human
consumption and for livestock fodder (Walters et al. 2011).
Nowadays, large quantities of spineless Opuntia ficus-
indica fruits are being produced for human consumption,
mainly for export (de Wit et al. 2010). Processed and
unprocessed fruits are also being sold at roadside farm
stalls and home industries, contributing to the income
streams of poor trading households (Shackleton et al.
2011). Spineless varieties of O. ficus-indica are also
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currently being used as livestock fodder (Einkamerer et al.
2009). During the last 60 years, hundreds of additional
species of cacti have been introduced to South Africa,
almost exclusively for ornamental purposes. South African
horticultural cactus trade is worth an estimated 3.7 million
US dollars (40 million Rand) annually and provides
approximately 150 full-time jobs (A. Novoa, unpubl. data).
Food science researchers (specialized in a wide range of
crops) are also looking to develop the agro-industry around
cactus in South Africa (http://www.icarda.org/sites/default/
files/Cactus-pears-South-Africa-2-new-%283%29.pdf). Fruit
can be processed into jams, marmalades, and syrups or
preserved in sugar syrup. Fruit juice can also be consumed
fresh or processed as fruit jelly, while fruit pulp can be
frozen and used as a sauce for ice cream desserts or
blended with other fruit juices. Fresh, young cladodes can
be consumed as vegetables or as pickles, or dried and
milled, and the flour can be used for baking. Cladodes with
low mucilage content can be processed into juices and
included in either fruit or vegetable juice blends. New
applications in food products are also being explored for
mucilage being extracted from fresh cladodes. Mucilage as
gelling, emulsifier, and fat-replacing agents could be used
in food products such as mayonnaise and candies.
In the second group, we identified game reserve owners,
land and invasive species managers in governmental
institutions, and staff and researchers at various institutes
as stakeholders who want to reduce the negative impacts of
cacti in South Africa (Table 1).
Thirty-five cactus species are currently listed under
South African regulations as invasive, and a further 313 are
listed as species that are prohibited from being imported
(Supplementary file 3). Current cactus invasions are
threatening South Africa’s biodiversity, ecosystem func-
tioning, resource availability, national economy, and human
health (Walters et al. 2011). In order to prevent introduc-
tions of potentially invasive species, the Department of
Environmental Affairs (DEA), through its Biosecurity Unit
and in collaboration with the National Plant Protection
Organisation, conducts pre-border risk assessments and
manages quarantine services. The South African National
Biodiversity Institute’s Invasive Species Programme
(SANBI ISP) focuses on detecting new instances of natu-
ralizations, post-border risk assessment, and the co-ordina-
tion of nationwide eradication attempts (Wilson et al.
2013). The management of widely established invasive
plants has been led by DEA’s Working for Water Pro-
gramme (WfW) since its establishment in 1995 (van Wil-
gen et al. 2012). Researchers at the Agricultural Research
Council-Plant Protection Research Institute (ARC-PPRI)
have concentrated on biological control, while the Centre of
Excellence for Invasion Biology (CIB) provides scientific
Table 1 List of identified stakeholders interested in or affected by cactus species in South Africa
Group Category Description References
Stakeholders who want to
promote the usefulness of
cacti in South Africa
Farmers Use cacti as animal fodder Einkamerer et al. (2009)
Fruit pickers Process fruits and sell them at roadside, farm stalls… Shackleton et al. (2011)
Nursery
owners









Stakeholders who want to
reduce the negative impacts









Cacti have a negative impact on South African
biodiversity




Manage quarantine services and conduct pre-border risk
assessments of cacti. Improve detection rates, perform
post-border risk assessments, and coordinate
nationwide eradication attempts. Manage widely
established invasive cactus species
http://www.invasives.org.za/










Provide scientific understanding and building capacity in
the field of cacti invasions
van Wilgen et al. (2014)
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understanding and builds human capacity in the field of
biological invasions (van Wilgen et al. 2014).
Stakeholders’ Perceptions
In total, 28 respondents (15 representatives covering all
stakeholder categories of the first stakeholders group and
13 representatives covering all stakeholder categories of
the second stakeholders group) completed the first ques-
tionnaire (Supplementary file 1). All the respondents
answered all the questions.
A ranking of cactus species with positive impacts and
cactus species with negative impacts mentioned by stake-
holders on Questionnaire 1 clearly shows the differences in
perceptions among stakeholders groups (Table 2). While
those stakeholders who wanted to reduce the negative
impacts of cacti in South Africa named many species in
each category (species with positive impacts and species
with negative impacts), stakeholders who wanted to pro-
mote the usefulness of cacti in South Africa named only
one species with negative impacts. Interestingly, all the
species identified as having positive impacts by the stake-
holders who want to promote the usefulness of cacti were
alien species with a history of invasion in South Africa (see
Supplementary file 3).
There was a general disagreement on the origin (native
or non-native) of the succulent species. Some of the
stakeholders who seek to promote the usefulness of cacti
identified some of the invasive species as native, while
some of the stakeholders who focus on reducing the neg-
ative impacts of cacti identified one of the native succu-
lents as alien (Fig. 1).
Finally, stakeholders who want to promote the useful-
ness of cacti in South Africa showed a significantly lower
concern for the impacts of cacti on native animals, live-
stock, human health, or social life (Table 3).
Change in Stakeholders’ Perceptions
After the stakeholders’ talks (Table 4), all 28 participants
completed a second questionnaire (Supplementary file 2).
Table 2 A ranking of stakeholders’ three most commonly mentioned cactus species
Stakeholders who want to promote the usefulness of cacti in
South Africa
Stakeholders who want to reduce the negative impacts of cacti in South
Africa
Positive impacts Negative impacts Positive impacts Negative impacts
1 Opuntia ficus-indicaa Opuntia ficus-indicaa Opuntia ficus-indica (spineless) Opuntia strictaa
2 Opuntia strictaa – Opuntia robusta (spineless) Harrisia martinii a
3 Cereus sp.a – Hylocereus undatusb Cylindropuntia fulgidaa
a Species listed as invasive under South African national regulations
b Species listed under South African national regulations for which fruit is not listed if it is used for human consumption
Fig. 1 Knowledge of the nativity of succulent plants for different stakeholders interested in Cactaceae. This was as per the questionnaire
conducted before the workshop
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The results of the second questionnaire showed that the
stakeholders’ perceptions changed after interacting with
other stakeholders and that the gap in perceptions narrowed
significantly (Fig. 2).
Accordingly, when we asked stakeholders in the second
questionnaire whether their perceptions had changed after
the interaction activity, more than 90 % gave a positive
answer. Some of the answers were as follows: ‘‘Much
better knowledge of the dangers of invasive plants. A new
found realization what responsibility we as nursery owners
have to promote alternatives and remove all invaders,’’ ‘‘I
have learnt a lot from the workshop as I have no back-
ground on cactus invasive species,’’ ‘‘My horizons were
broadened. Interesting to take note of all the different
Table 3 Perceived importance of negative impacts of cacti in South Africa
Negative impact Stakeholders who want to promote the
usefulness of cacti in South Africa
Stakeholders who want to reduce the
negative impacts of cacti in South Africa
Percentage of the total points used per category
On native vegetation 22.37 18.24
On native animals* 9.26 13.69
On native ecosystems 24.08 20.55
Through the transmission of diseases to native species 4.97 1.32
Through hybridization with native species 4.70 2.66
On agriculture 16.67 15.01
On livestock* 9.74 14.16
On infrastructure 3.78 3.79
On human health* 2.51 5.80
On social life* 1.92 4.78
Total of points distributed per stakeholder group* 80.88 99.86
A maximum of 100 points were distributed through the impacts of cactus species in South Africa, indicating the level of importance of each
impact category
* Indicates significant differences among stakeholder groups using a Mann–Whitney test
Table 4 List of presentations delivered at a workshop attended by 28 Cactaceae stakeholders in South Africa in October 2014
Group Topic Title
N/A Introduction The study of model groups and the conflicts of interests in invasion science and
the family Cactaceae as a model group of alien species
Stakeholders who want to
promote the usefulness
of cacti in South Africa
Agro-industry The Burbank type spineless cactus pears (Opuntia ficus-indica) as animal feed
Agro-industry The potential of Burbank type spineless cactus pears (Opuntia ficus-indica) as
multi-use crop
Horticulture X Nursery. A farm with a difference.
Horticulture X Nursery. 40 years of cactus ornamental trade.
Agro-industry The Burbank type spineless cactus pears (Opuntia ficus-indica) for agro-
industrial applications
Stakeholders who want to
reduce the negative impacts of
cacti in South Africa
Distribution Southern African Plant Invaders Atlas (SAPIA) and the extent of cactus
invasions distribution
Impacts Impacts of cactus species on South African Game Reserves
Impacts Impacts of cactus species on South African National Parks
Management Preventing new invasions of cactus species in South Africa
Management Early detection and eradication of new instances of cactus naturalization in
South Africa
Management Invasive cactus species in South Africa and their biological control
Management Emerging cactus invaders and their chances for biocontrol
All talks were allocated 10 min, except for the 20-min introductory talk. Discussion was encouraged after each talk
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stakeholders’ opinion,’’ ‘‘A better understanding of the
utilization and value of spineless prickly pear’’, ‘‘Bigger
ethical cactus growing community than I thought. My
perception gain[ed] from listening to X (nursery),’’ ‘‘The
role these growers can play on influencing other growers
should not be underestimated; and should be encouraged.’’
Management Recommendations
During the second day of the workshop, the 28 stakeholders
identified 20 barriers for cactus management in South Africa
(Table 5). We grouped these into five over-arching issues:



















Stakeholders who want to
promote the usefulness of
cac in South Africa
Stakeholders who want to
reduce the negave impacts
of cac in South Africa
Aer the workshop
Fig. 2 Change in stakeholder attitudes about cactus species before
and after the workshop. Scale: 3 = very positive through -3 = very
negative. Asterisk indicates significant differences in time using a
Wilcoxon test
Table 5 Barriers for cactus management in South Africa mentioned by stakeholders during discussions, listed in order of importance
Barrier Barrier description Solutions
The ornamental trade is not regulated There are many illegal traders and backyard
growers
The cactus nursery industry needs self-regulation
There is no incentive for nurseries to comply with
national regulations
Incorrect labelling of nursery stock leads to
misidentification of species
Some growers are ignorant of the existence of
invasive cacti and their impacts
Assess the size of the illegal trade
Educate illegal traders
Formalize illegal back yard ornamental trade
Educate consumers (e.g. articles in horticulture magazines)
Enforce correct labelling of ornamental plants
Encourage nurseries to register under the South African Nursery
Association (SANA)
Give visible recognition to ‘‘compliant’’ nurseries registered under
SANA
Do research on seed traits as a tool to identify invasive species
Implement self-regulation
Encourage nurseries to promote alternative species to cactus
invaders, especially indigenous succulents
Facilitate the access to native species seed collection by growers
There is not enough collaboration
between stakeholders




Improve interdepartmental collaboration between DAFF
(Department of Agriculture, Forestry and Fisheries), DEA
(Department of Environmental Affairs), local municipalities, and
others, e.g. by organizing formal meetings between DAFF and
DEA to discuss common issues and develop common guidelines
Establish partnership with the cactus nurseries
The role of the Cactus Working Group (CWG) needs to be
formalized and involve all stakeholders
Involve all stakeholders in the CWG (land owners, farmers, traders,
scientists, managers, municipalities, implementing agencies…)
Employ a national cactus and succulents coordinator
Regularly consult local communities about the positive and negative
cactus impacts they are experiencing
Regularly organize meetings of the CWG and send the conclusions
of each meeting to all departments and stakeholders
Involve all stakeholders when compiling national invasive species
lists
Consult nurseries before releasing a new biocontrol agent
Improve dialogue between nursery owners and invasion biologists
Nursery owners should inform invasion biologists and managers
about potentially invasive species (e.g. when prolific recruitment is
observed)
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enough collaboration between stakeholders; (3) invasive
cacti and their control cause health and safety problems; (4)
current policy and strategy for cactus management are not
efficient; and (5) cacti are not properly utilized.
Afterwards, following discussions among stakeholders,
a total of 44 solutions for the 20 previously identified
barriers were proposed and accepted by all stakeholders
(Table 5).
Discussion
Prior to the facilitated stakeholder interactions, stakehold-
ers who were positively affected by cactus species in South
Africa were not aware of some of the negative environ-
mental and socio-economic impacts of cactus invasions.
This lack of awareness is not surprising, as public knowl-
edge and concern about biological invasions in general is
Table 5 continued
Barrier Barrier description Solutions
International
level
Lack of collaboration with
stakeholders from neighboring
countries
Lack of collaboration with
stakeholders from other
countries dealing with the same
issues
Lack of common best
management practices
guidelines
Establish collaboration within SADC (Southern African Development
Community), e.g. by organizing formal meetings with invasive species
managers and policy makers from neighboring countries
Share information on new invasive species between countries (if a species
becomes invasive elsewhere, there is a risk of it becoming invasive in South
Africa—especially in countries with a similar climate to South Africa)
Regularly organize meetings with all international stakeholders (FAO, CITES,
international managers…) to establish collaboration, learn from each other’s
successes and failures and state what needs to be addressed (e.g. South Africa
shares many invasive species with Australia)
Develop ethics between traders
Establish import-export agreements
Implement cross-border controls
Arrange permits to move biological control agents to neighboring countries (e.g.
Botswana, Zimbabwe, Mozambique)
Create understandable rules for national regulations and permits (common
name?) (officers have a list of common names to translate to scientific names)
Invasive cacti and their
control cause health
and safety problems
Herbicides can negatively affect native vegetation
Chemicals are effective but not safe
River systems are contaminated with herbicides
Some areas are not easy to access due to physical
barriers
Undertake research to find effective herbicides with a lower impact on native
vegetation
Train clearing teams on safe and sustainable application of herbicides





Lack of funding for cactus management
Lack of prioritization of control efforts
Cactus plants are expensive to clear
Increase funding for cactus management
Do research on the prioritization of control efforts
Implement integrated control
Cacti are not properly
utilized
Biocontrol agents affect cactus pear plantations





Design guidelines to control Cactoblastis cactorum
and Dactylopius opuntiae on cactus pear plantations




Educate the informal industry to improve utilization
Clarify that Cactoblastis cactorum and Dactylopius
opuntiae cannot be controlled on Prickly pear
Do not permit the use of seeds of Opuntia ficus-indica
Promote the use of cactus pear: provide spineless
prickly pear to disadvantaged communities
propagating and using spiny forms,
Other invasive cactus
species
Allow utilization of invasive species without
compromising the aim of invasive species
management
Improve communication with agro-industrial
scientists, pharmaceutical companies, biofuel
experts… to develop specific guidelines for
utilization
Develop capacity for the utilization of invasive cactus
species, being careful not to create dependencies on
invasive species
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rather limited (Andreu et al. 2009). Further, our data sug-
gest that stakeholders negatively affected by cactus species
were not fully aware of their positive impacts. Successful
management can be aided by ensuring buy-in from all
stakeholders (Perry and Perry 2008), and clearly the dif-
ferences in perceptions between stakeholder groups seen
here suggest that this buy-in would not have been achieved
without an active consultative process.
Generally, collaboration and levels of trust among
stakeholders can be increased by an open and fair partici-
pation process (e.g. Ford-Thompson et al. 2012; Gilmour
et al. 2013; Estévez et al. 2015). Our results showed that, in
this instance, only one session of interaction and dialog
between stakeholders was enough to increase the knowl-
edge and improve the willingness of stakeholders to col-
laborate on cactus management actions.
Once stakeholder perceptions were assessed and col-
laboration was established between them, the challenge
that remains is how to incorporate this information into an
effective management process. To address this, we facili-
tated an open discussion between all involved stakeholders,
promoting the identification of fundamental barriers for
cactus management in South Africa (Table 5). Some of the
identified barriers (e.g., ‘‘Lack of funding ‘‘or ‘‘Lack of
prioritization of control efforts’’) are common to all inva-
sive species management (e.g. Roura-Pascual et al. 2009;
Fig. 3 Proposed general




practices for alien species
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Auld and Johnson 2014). However, other barriers are par-
ticular to particular stakeholders (e.g., ‘‘Some areas are not
easy to access’’ and ‘‘Biocontrol agents affect cactus pear
plantations’’ identified by SANParks managers and farm-
ers, respectively) and so are much more likely to be
identified if all the stakeholders are involved.
The facilitated discussions allowed us to identify and
discuss transparent solutions for each identified barrier (see
Table 5 for more information). This process paved the way
for negotiation and participation of stakeholders in decision
making and helped minimize contentious situations by
clarifying stakeholders beliefs and exploring consensus
solutions. As a result, management objectives were broadly
supported by all stakeholders. These results will soon be
included in a South African national cactus management
strategy. Inclusion of all stakeholders in decision making
ensured that the likelihood of the future cactus manage-
ment strategy failure is lessened (Friedel et al. 2011).
General Conclusions
We have proposed and tested a simple process for reducing
conflicts among stakeholders in invasive species manage-
ment (Fig. 3). The first step is to review the scientific and
gray literature, and combine the results with a snowball-
sampling to identify key stakeholders. If no conflict of
interest is expected (e.g., all stakeholders are expected to be
aware of and concerned about the invasion and impacts of the
focal species), management recommendations in collabo-
ration with stakeholders can be directly developed. How-
ever, if a conflict of interest is expected, the perceptions of
the identified stakeholders need to be thoroughly assessed
(we used a questionnaire survey). If no conflict of interest
between stakeholders is found, management recommenda-
tions in collaboration with stakeholders can be developed.
However, if the perceptions of the studied stakeholders differ
(there is a conflict of interest, as we found with cacti in South
Africa), interaction between stakeholders need to be facili-
tated. This should be followed by a second assessment of
stakeholder perceptions by a second questionnaire survey to
gauge whether perceptions have converged (e.g., Fig. 2). If
so, we can proceed with the formulation of management
recommendations. If the perceptions did not converge after
the interaction, a new round of facilitation might be neces-
sary. However, conflicts of interests around alien species
generally include a complex combination of case-specific
particulars, and in some cases the differences between
stakeholder groups may be irreconcilable. In such situations,
management recommendations need to be decided upon by
elected decision makers and enforced through legislation
(Rouget et al. 2002; van Wilgen and Richardson 2012).
However, we hope that in most cases a collaborative
approach, as described here, would be effective.
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